Abstract
The origins of and variations in bonding among weakly bound diatomics are discussed in terms of the virial theorem as applied to Born-Oppenheimer total energy curves. The distance scale is measured in multiples of the H 2 equilibrium bond length (i.e., the distance, Re, at which W(R) is a minimum), and the energy scale is measured in multiples of the H 2 bond energy (i.e., W(R= oo )-W(Re)).
Constants have been added to each curve so that each goes to zero as R -+ oo
As the atoms approach, the potential energy rises (electrons are moving away from nuclei) and the kinetic energy falls (as delocalization begins}.
In the vicinity of R/Re=2, this trend reverses~ The kinetic energy increases as the electronic wavefunction is localized further, raising the momentum, but the potential energy falls, as charge is now brought nearer both nuclei* Only at R/R <0.5 does e nuclear repulsion cause the potential energy to increase and contribute to the total repulsion energy.
These general features apply to any diatomic in a bound state (with the exception 1 of purely ionic attractions). 
observed equilibrium spectroscopic constants, or, as shown below, from first principles, Eq's (4) and (5) provide unambiguous criteria by which one may locate with certainty the "end" of long range attraction as R is decreased towards R . These relations should be of use in checkin~ the somewhat e arbitrary decisions made to locate this point in schemes using piecewise analytic representations 5 of W(R).
Several simple and informative relations pertaining to <v(R )> and <T(R )> can be derived from Eq's (1)- (3) . e e
The well-known fact that the decrease in <v> at Re is twice the increase in <T> at R is, of course, general, and does not e depend on the functional form of W(R as in the figures, the behavior of <T> and <V> at R/R =1 e 2 can be related directly top, viz., -d<T>/dR ~ p ,
For chemically bound species, p's are found, from It is important to remember that ae not only measures the same effect, but it does so in a more direct fashion. The constant ae describes the lengthening (if a >0) of the average internuclear separation e as the vibrational quantum number is increased~2
In conclusion, we apply the results of this analysis to a qualitative view of an aspect of weak bonding which is, at first sight, somewhat unexpected and puzzling. Given the periodic variation of polarizabilities throughout the Periodic Table, one might expect the binding energies of the homologous series Ne 2 , NeAr, NeKr, and NeXe to increase uniformly throughout the series. Instead, the binding energy increases 13 from Ne 2 to NeAr, but then saturates at a virtually constant value from NeAr to NeXe. Similarly, the greater polarizability of Na when compared to Ar might lead one to predict NaAr to be more strongly bound than Ar 2~
In fact, NaAr exhibits 40% of the binding energy of Ar 2 .
Since any of these binding energies is a trivial fraction of the total molecular energy, only very slight and perhaps subtle changes to the separated atom wavefunctions occur near Re. Consider first the Ne containing rare gas diatomics. happens to be. This will raise the total electron kinetic energy at a rate governed by the identity of the less polarizable atom# in analogy with shortening the length of the box containing a particle in an already short box.
Similar arguments would seem to apply to the alkali metal-rare gas diatomics. The large bond lengths found for these species (i.e., Re = 5 ~for NaAr) imply a repulsive interaction at a distance governed by the spatially diffuse outer s electron of the alkali. However, p for NaAr is 3 
